V. 3. 3- SAC- SMA  SACRAMENTO SO L MJ STURE ACCCUNTI NG OPERATI ON

| dentifier: SAC- SMA

Application: All prograns

Description: This Operation is based on the soil noisture accounting
portion of the Sacramento Mbdel [Burnash et. al., 1973].

A conpl ete description of this Operation is in Chapter II.3-SAC SMVA

In addition to the basic soil npisture accounting nodel the followng
provisions are included in this Cperation:

1. If an areal extent of snow tinme series is used then the
evapotranspiration (ET) demand is reduced by the follow ng
equati on when snow i s on the ground:

Es = EFC*Ed+(1.0- EFC)*( 1. 0- Sc) * Ed

where Es is the ET-demand with snow on the ground
Ed is the ET-demand wit hout snow on the ground
EFC is the effective forest cover paraneter
Sc is the areal extent of snow cover expressed as

2. The ET-demand can be uniform throughout the day or can have a
fixed diurnal variation. It is recommended that in nost cases
the uni form ET-denand rate be used. The use of a diurnally
varyi ng ET-demand rate, though nore physically realistic, wll
not result in the correct | oss of water due to
evapotranspiration fromriparian vegetation. The fixed diurnal
ET-demand vari ati on expressed as percent/ 100 of daily ET-demand
that is applied each hour is as follows:

Hour (Il ocal tine) Portion of ET-denmand

1-8 0. 00
9 0. 02
10 0. 05
11 0.10
12 0. 16
13 0. 20
14 0.18
15 0.14
16 0. 09
17 0. 05
18 0.01
19- 24 0. 00

2. Aprecipitation nultiplying factor is provided for possible use
during an operational programrun. This precipitation
multiplier is only applied during the conputational period
(i.e., period with observed data).
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Ref er ences:

Bur nash, Robert J.C.,

Di gi tal
Sacr anment o,

Conputers',

Ander son,

March 19-23, 1984.

Al lowable Tine Interval s:

Ferral ,

Joi nt
California,

Eric A and Neunman,
Effects in a Flood Forecasti ng Mddel ',
Nort hern Research Basins Synposi um and Wor kshop,

204 pp.

Patrick J.:

Tine Series Used:

1, 2, 3, 4, 6, 8,

R Larry and MCGuire,
"A Generalized Streanfl ow Sinulation System -
Federal - State Ri ver

Ri chard A.,
Concept ual
Forecast Center,

1973:
Model i ng for

"Incl usion of Frozen G ound
Proceedi ngs of the Fifth
Vi er unaki ,

Fi nl and,

12 and 24 hours

Form of Data M ssi ng
Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval Allowed
Precipitation L VM I yes n/ a any no
(rain + melt)
Channel inflow
(runoff) L VM @) yes repl aces any 1/ no
Potential ET L VM I no n/ a 24 no
Areal extent
of snow DLES PCTD I no n/ a any 2/ no
Runof f conponents
(data type code
ROCL) 3/ L VM @) no repl aces any 2/ no
Soi | noisture
st orages (data
type code
SMzC) 4/ L VM @) no repl aces any 2/ no
Not es:
1/ Must be the sane as the time interval for rain plus nelt data.

3/ The 7 runoff conmponents (ROCL) data val ues per tine interval
i nflow
i npervious runoff

total channel

(1)
(2)

(4)

di rect runoff
surface runoff
interflow

suppl ement al

03/ 05/ 2004

2/ Must be a nultiple of the tine interval

basefl ow
pri mary basefl ow

V. 3. 3- SAC- SMA- 2

for rain plus nelt data.

ar e:
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4/ The 5 soil nmpoisture storages (SMZC) data values per tinme interva

are:

(1) upper zone
(2) upper zone
(3) I ower zone
(4) lower zone
(5) | ower zone

tension water deficit (UZTWW UZTWC)
free water contents (UZFWC)
tension water deficit (LZTWW LZTWC)
free suppl enmental contents (LZFSC)
free primary contents(LZFPC)

I nput Summary: The card input for this Operation is as foll ows:

Card For mat

Col ums Cont ents

1 5A4

8X, 12

2X, 2A4

1X, Ad

X, 2A4

1X, Ad

2 2X, 2A4

1X, Ad

3X, 12

2X, 2A4

2X, 2A4

1X, Ad

1X, Ad

03/ 05/ 2004

1-20 General heading information

29- 30 Data time interval of precipitation
(rain plus nelt) and channel inflow data

33-40 Internal identifier for the
precipitation (rain plus nelt) time
series

42- 45 Data type code for precipitation tine
series

53- 60 Identifier for the channel inflow

(runoff) tinme series
62- 65 Data type code for runoff time series

3-10 ldentifier for areal extent of snow tine
series; blank if none

12-15 Data type code for areal extent of snow
tinme series (blank if not used)

19- 20 Data time interval of areal extent of
snow cover time series (blank if not
used)

23-30 Identifier for runoff conponents tine
series; data type code is 'ROCL'; bl ank
i f none

33-40 Identifier for soil npisture storage

tine series; data type code is 'SMZC ;
bl ank if none

42- 45 Option to store sunms of water bal ance,
runof f and evapotranspirati on (ET)
conponents for execution period (default
is to not store sunms); enter 'SUME if
suns are to be stored

47-50 Enter 'PRST' to print detailed soi
nmoi sture output (bl ank otherwi se); this
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option is used when running Calibration
System program (MCP3 or OPT3) and the
months to print are controlled by

card 7; if running the Operational
Forecast System program FCST use the
Techni que PRINTSMA to set this option

Data time interval of the runoff
conponents tinme series (default is 24

Data time interval of the soil noisture
storage tine series (default is 24

Enter ' FRZE to use the frozen ground
portion of the Sacranmento Mdel; this
option is used when running Calibration
System program (MCP3 or OPT3); if
runni ng the Operational Forecast System
program FCST use the Techni que FROST to
set this option

PXADJ (precipitation adjustnment factor);
this factor may have been applied in a
precedi ng snow nmodel peration

PEADJ ( ET-denmand adj ustnent factor)

UZTWM (upper zone tension water
capacity; units of MV

UZFWM (upper zone free water capacity;
UZK (fractional daily upper zone free
wat er wit hdrawal rate)

PCTIM (m ni mum i npervious area; units of
ADI MP (additional inpervious area; units
of percent/100)

RI VA (riparian vegetation area; units of

Card For mat Col umms Content s
3X, 12 54-55
hour s)
3X, 12 59- 60
hour s)
1X, A4 62- 65
3 20X, F5.2  21-25
F5.2 26- 30
F5.0 31-35
F5.0 36- 40
units of MV
F5.2 41- 45
F5.2 46- 50
per cent/ 100)
F5.2 51-55
F5.2 56- 60
per cent/ 100)
15 61- 65

03/ 05/ 2004

Di urnal evapotranspirati on (ET)
variation option (default is uniform
distribution of daily ET-demand); enter
val ue greater than zero to use diurna
variation (it is recommended that the
default option be generally used)
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EFC (effective forest cover; units of

ZPERC ( PBASE*(1+ZPERC) is the maxi mum
percol ation rate)

REXP (exponent for the percolation

LZTWM (| ower zone tension water
capacity; units of MV

LZFSM (| ower zone suppl enental free
wat er capacity; units of MM

LZFPM (1l ower zone primary free water
capacity; units of MV

Note: LZFSM and LZFPM are input as tota
val ues and not just as the visible
(channel conponent) portion

LZSK (fractional daily supplenmenta
wi t hdrawal rate)

LZPK (fractional daily primary
wi t hdrawal rate)

PFREE (percent/ 100 of percol ated water
whi ch al ways goes directly to | ower zone
free water storages)

RSERV (percent/ 100 of | ower zone free
wat er whi ch cannot be transferred to
| ower zone tension water)

SIDE (ratio of non-channel baseflow
(deep recharge) to channel (visible)

Identifier for potentia
evapotranspiration (ET) tine series
(blank if none used)

Data type code for potenti al
evapotranspiration (ET) tine series
(blank if none used)

Card For mat Col umms Contents
F5.2 66- 70
per cent/ 100)
4 20X, F5.1 21-25
F5.1 26- 30
equati on)
F5.0 31-35
F5.0 36- 40
F5.0 41- 45
F5.2 46- 50
F5.2 51-55
F5.2 6- 60
F5.2 61- 65
F5.2 66- 70
basef | ow)
5 2X, 2A4 3-10
1X, A4 12-15
5X,12F4.2 21-68
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ET- demand or PE-adj ustnent factor for
the 16th of each nonth (January through
Decenber; units of MMday); daily val ues
are conputed by linear interpolation; if
PE data used then val ues are
PE-adjustnents; if PE data not used then
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Card For mat Col ums Cont ents

val ues represent ET-denmand

6 Initial carryover values for the state
vari abl es:

20X, F5.0 21-25 UZTWC (upper zone tension water
contents; units of MV

F5.0 26- 30 UZFWC (upper zone free water contents;
units of MM

F5.0 31-35 LZTWC (| ower zone tension water
contents; units of MV

F5.0 36-40 LZFSC (1 ower zone free supplenmenta
contents; units of MV

F5.0 41- 45 LZFPC (1l ower zone free primary contents;
units of MM

F5.0 6- 50 ADI MC (tension water contents of the

ADI VP area; units of MM if not known
then use UZTWC+LZTWO)

4X, 11 55 Read additional carryover indicator:
0 = set additional carryover to
defaul t val ues

1 read additional carryover

Card 6A needed only if read additional carryover indicator (colum
55 of Card 6) is set to one and either PE, snow cover or runoff
conponent time series are used.

6A 7F5.0 1-35 Current values of runoff conponents tine
series; see Note 3/ under Tine Series
Used

5X,F5.0 41- 45 Pr evi ous PE val ue
F5.0 46- 50 Pr evi ous snow cover val ue

Card 7 needed only if this is a Calibration System program ( MCP3
or OPT3) and detail ed output was requested on Card 2.

7 1415 1-70 Mont hs for which detailed output is to
be printed; formof input is nonth,
year, nonth, year, etc.; years are 4
digits; nmonths nust be in chronol ogical
order; maxinum of 7 nonths can be
entered

Cards F1, F2 and F3 are needed only if 'FRZE was specified in
colums 62-65 of Card 2. 1/ 2/ 3/
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Identifier of air tenperature tine

Data type code of air tenperature tine

Data time interval of air tenperature

Identifier of water equivalent tinme
series; blank if none

Data type code of water equivalent tine

Data time interval of water equival ent

ldentifier of frost index time series;
bl ank if none; data type code is set to

Data tinme interval of frost index tine

Frozen ground nmodel paraneters (synbols
in brackets are those used in the
reference 'Inclusion of Frozen G ound
Effects in a Flood Forecasting Model'):

CSO L (units of DEGC'™HR?!) [Cg]; bare
ground frost coefficient for a given

CSNOW [ Cs]; reduction in CSO L per MM of
snow wat er equi val ent

GCH (units of DEGC/ DAY) [Hc]; daily thaw
rate from ground head

RTHAW (units of DEGC/MVY) [Ct]; thaw
coefficient for water entering the soi

FRTEMP (units of DEGC) [FII]; FI value
above which there is no reduction in
percol ation or interflow w thdrawal

SATR (units of DEGC'*HR?') [Cr];
reduction in percolation and interfl ow
wi t hdrawal per DEGC of FI bel ow FI|
under saturated soil conditions

Card For mat Col ums Cont ents
F1 2X, A8 3-10
seri es
1X, A4 12-15
seri es
33X, 12 19- 20
time series
17X, A8 38-45
1X, A4 47-50
series
33X, 12 54-55
time series
2X, A8 58- 65
'FA X
33X, 12 69-70
seri es
F2
F5.0 1-5
time interva
F5.0 6-10
F5.0 11-15
F5.0 16- 20
F5.0 21-25
F5.0 26-30
F5.0 30-35

03/ 05/ 2004

FREXP [ x]; exponent
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Card For mat Col ums Cont ents

F3 F5.0 1-5 FINDX (units of DEGC) [FI]; initia
value of the frost index (if starting
with no frozen ground the value is zero)

F5.0 31-35 PTA (units of DEGC) [Ta]; initial value
of the air tenperature

F5.0 36-40 PWE (units of MM [W; initial value of
t he snow wat er equi val ent

Not es:

1/ Parameter and state variable nanes are not printed as part of the
Operation summary. The paranmeters are identified as FGPARM 1),
FGPARM 2), etc. The paraneter values are printed in the sane
order that they are input.

2/ When using the Interactive Calibration Program (I CP) the paraneter
val ues must be changed using the Edit Deck nmenu option. They
cannot be changed using the Sel ected Paraneters option.

3/ If the parameter SATR is set to zero the frost index can be
conmput ed and di spl ayed as part of the SAC- SMA nodel panel in ICP
but the frozen ground algorithms will not change the percol ation
or interflow withdrawal rates in the nodel. This is a way to see
whet her the frost index should be used to nodify the Sacranento
Model conputations. Values of SATR that are greater than zero
cause the percolation in interflow withdrawal rates to decrease
whenever the frost index drops bel ow the value of the FRTEWMP
par amet er .

Sanple Input and Qutput: Sanple input is shown in Figure 1. Sanple
output fromthe print paraneter and print carryover routines is shown
in Figure 2. Sanple output fromthe execution routine is shown in

Fi gure 3.

Error and Warni ng Messages: The error and warning nessages generated
by this Operation and the corrective action to take when they occur
are as follows:

A. Messages that can occur during setup.

1. **ERROR** TI ME | NTERVAL=nn ONLY IN I NTERVALS OF 1, 2, 3, 4,
6, 8, 12 AND 24 HOURS ARE ALLOWED.

Action: Use an allowabl e conputational time interval.

2. **\WARNI NG** NOTE THAT PXADJ MAY HAVE ALREADY BEEN APPLI ED BY
A SNOW MODEL OPERATI ON.

Action: Make sure that PXADJ has not been applied twi ce
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B

3. **WARNI NG** nn PARAMETERS WERE CHANGED BECAUSE THEY WERE
ASSI GNED | MPOSSI BLE VALUES.

Action: Check that revised val ues are okay.
Messages that can occur during execution.

1. **WARNING** | NI TI AL STATE VARI ABLES CONTAI N | MPOSSI BLE
VALUES.

Action: Check the revised val ues.

2. **WARNI NG * WATER BALANCE RESI DUAL EXCEEDS 1 MM
RESI DUAL=nnnn.

Action: Operation is not executing properly.

Carry Transfer Rules: The following rules apply to the 6 state

vari abl es during the carryover transfer process:

1.

UZTWC and LZTWC: the deficit (i.e., capacity-contents) is
retained as long as the contents do not go bel ow zero

UZFWC: val ue remains the same as long as UZFWC is | ess than or
equal to UZFWM

LZFSC and LZFPC: the channel conponent of the withdrawal from
these storages remain the same as long as the contents are |ess
than or equal to the capacities. The equation used is:

LZFSCn = LZFSCo* ( LZSKo/ LZSKn) * ( ( 1+SI DEn) / 1+S| DE0) )

where the subscripts n and o signify new and ol d val ues,
respectively. A simlar equation is used for LZFPC.

ADI MC: the deficit (i.e., UZTWWLZTWM ADI MC) is retained as
long as ADIMC is greater than or equal to UZTWC

Punch Card Limtations: The punched card formats for this Operation

are as follows. No checks are made to deternmne if values exceed the
maxi num al | owabl e val ue.

Punch Maxi num Preci sion After
Par aneter or Vari abl es For mat Val ue Deci nal Poi nt
LZTWM LZFPM LZTWC, LZFPC, F5.0 9999. none
ADI MC
UZTWM UZFWM ZPERC, LZFSM F5.1 999.9 t ent hs
UZTWC, UZFWC, LZFSC
REXP, Sl DE F5. 2 99. 99 hundr edt hs
PXADJ, PEADJ, UZK, PCTIM F5.3 9. 999 t housandt hs
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Punch Maxi num Preci sion After
Par aneter or Vari abl es For mat Val ue Deci nal Poi nt

ADI MP, RIVA  EFC, LZSK,
PFREE, RSERV

LZPK F5. 4 . 9999 t en-t housandt hs
PE- adj ust ment curve F4.2 9.99 hundr edt hs
ET-demand curve F4.1 99.9 t ent hs
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Figure 1. Sanple card input for Operation SAC- SMA

10 20 30 40 50 60 70 80
T T e T T s S L
SAC- SMA
VET- DRY CYCLE TEST 6 WET-DRY MAP VET-DRY | NFW

SUMS PRST
1.0 1.0 50. 20. 0.4 .01 .10 .05 0.0
29. 2.0 200. 50. 250. .15 .006 0.2 0.3 0.0
TEST-PE PTPE 1.01.0 1.0 1.0 1.01.01.01.0 1.0 1.0 1.0 1.0
30.0 0.0 175. 0.0 150. 205
Figure 2. Sanple output from Operation SAC-SMA print paranmeter and

print carryover routines

SACRAMENTO SOI L- MOl STURE ACCOUNTI NG OPERATI ON FOR WET- DRY CYCLE TEST
COMPUTATI ONAL TI ME | NTERVAL IS 6 HOURS.

TI ME SERI ES USED BY THI' S OPERATI ON.

CONTENTS I.D. TYPE TI ME | NTERVAL
RAI N+MELT WET- DRY MAP 6 HOURS
CHANNEL | NFLOW RUNOFF) WET- DRY I NFW 6 HOURS
POTENTI AL ET TEST- PE PTPE 24 HOURS

SUMS OF WATER BALANCE VARI ABLES ARE STORED.

DETAI LED SOl L- MOl STURE OUTPUT W LL BE PRI NTED.
FOR MONTHS 6/1978 7/1978

PARAMETER VALUES - CAPACITIES ARE IN MM

PX- ADJ PE- ADJ UzTwWwm UZFWM UzK PCTI M ADI MP RI VA EFC DAI LY ET DI ST.
1.000 1.000 50. 20. 0. 400 0.010 0.100 0. 050 0.0 UNI FORM

PBASE ZPERC REXP LZTWM LZFSM LZFPM LZSK LZPK PFREE RSERV S| DE

9.0 29.0 2.00 200. 50. 250. 0.1500 0.0060 0.20 0.30 0.0
16TH OF MONTH VALUES 1 2 3 4 5 6 7 8 9 10 11 12
PE- ADJUSTMENT 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

SOl L- MOl STURE CONTENTS(MV) FOR WET- DRY CYCLE TEST

UzZTWC UZFWC LZTWC LZFSC LZFPC ADI MC
30. 0.0 175. 0.0 150. 205.
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Figure 3. Sanple output from Operation SAC- SMA execution routine

DETAI LED SO L- MO STURE ACCOUNTI NG QUTPUT FOR WET-DRY CYCLE TEST

DAY HR UZTWC
RAI N+MELT

6
12
18
24

6
12
18
24

6
12
18
24

6
12
18
24

6
12
18
24

6
12
18
24

6
12
18
24

6
12
18
24

6
12
18
24
10 6
10 12
10 18
10 24
11 6
11 12
11 18
11 24
12 6
12 12
12 18
12 24
13 6
13 12
13 18
13 24
14 6
14 12
14 18
14 24
15 6
15 12
15 18
15 24

COOWOWOWOOWONNNNOODODOODOODUNUNUARABRRERDRWWWWNNNNRERREPR

40.
50.
50.
50.
50.
50.
50.
50.
48.
47.
46.
45.
44.
42.
41.
40.
39.
38.
37.
36.
35.
35.
34.
33.
32.
31.
30.
30.
29.
28.
27.
27.
26.
25.
25.
24.
23.
23.
22.
22.
21.
21.
20.
20.
19.
19.
18.
18.
17.
17.
16.
16.
16.
15.
15.
14.
14.
14.
13.
13.

00
00
00
00
00
00
00
00
75
53
34
18
05
95
88
83
81
82
85
90
98
08
20
35
51
70
91
13
38
65
93
23
55
89
24
61
99
39
81
24
68
14
61
10
59
10
63
16
71
26
83
41
00
60
21
83
46
10
75
40

UZFWC LZTWC

0.
4.
14.
20.
18.
20.
15.
9.

0

000
484
000
699
000
672
272

5. 453

COOOOO0O0O00000000000000000000000000000000000000000OREW

235
841
050
599
340
193
109
061
034
019
011
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
006
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175.
175.
178.
186.
193.
200.
200.
200.
200.
200.
200.
200.
200.
200.
199.
199.
199.
199.
199.
199.
198.
198.
198.
197.
197.
197.
196.
196.
196.
195.
195.
194.
194.
193.
193.
193.
192.
192.
191.
190.
190.
189.
189.
188.
188.
187.
187.
186.
185.
185.
184.
184.
183.
182.
182.
181.
180.
180.
179.
179.

00
00
67
37
60
00
00
00
00
00
00
00
00
00
96
85
70
51
30
06
80
53
23
92
59
24
88
50
11
71
29
86
42
96
49
01
52
02
51
99
46
92
37
82
25
68
10
51
92
32
71
10
48
86
23
59
96
31
67
01

LZFSC LZFPC

PR
COOLOVPIWNEOOO

o o

433
290
258
696
799
879
294
411
273
996

9. 643

PRRRERPRERENNNNNNNNNNOOOOWOWARRARNGNIN000ONNNDO®O

271
908
557
219
893
579
278
988
710
443
186
940
704
476
258
049
848
655
470
292
121
957
799
648
503
363
229
101
977
859
745
636
531
430
333
240
151
065
983
904
828
756
686
619
554
492

149.
149.
149.
150.
151.
151.
155.
157.
158.
159.
159.
159.
159.
159.
159.
159.
158.
158.
158.
158.
157.
157.
157.
157.
157.
156.
156.
156.
156.
155.
155.
155.
155.
154.
154.
154.
154.
153.
153.
153.
153.
153.
152.
152.
152.
152.
151.
151.
151.
151.
151.
150.
150.
150.
150.
149.
149.
149.
149.
148.

77
55
76
47
12
92
30
57
88
53
85
91
81
62
39
16
93
69
45
21
98
74
50
27
03
79
56
32
09
85
62
38
15
92
68
45
22
99
76
52
29
06
83
60
37
15
92
69
46
23
00
78
55
32
10
87
65
42
20
97

ADI MC

215.
225.
229.
232.
234.
235.
236.
236.
235.
234.
232.
231.
230.
229.
227.
226.
225.
224.
223.
222.
220.
219.
218.
217.
216.
215.
214.
212.
211.
210.
209.
208.
207.
206.
205.
204.
203.
202.
200.
199.
198.
197.
196.
195.
194.
193.
192.
191.
190.
189.
188.
187.
186.
185.
184.
183.
182.
181.
180.
179.

00
94
37
55
15
92
58
58
33
09
86
63
41
20
99
80
60
42
24
07
90
75
59
45
31
17
04
92
81
69
59
49
40
31
23
15
08
01
95
90
85
81
77
73
71
68
67
66
65
65
65
66
68
70
72
75
79
83
87
92

PERC

0

0

593
615
048
503
236
922
991
727
144
648
370
212
121
069
039
022
013
007
004

OO OO0OLO000LO000000000000000000000000000000000000ORPENANKOOROO

[eNeleolojolololeloNo oo oo oo oo oo oo oo oo oo oo oo No o No o No)

COOOO0O0O000000000000000000000000000000000000000000000000000000

OO0 O00O00O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0DO0O0ODO0O0DO0OODO0OODO0OODO0OOOOO

| WP
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